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© The fluid actuated friction damper comprises a 
cylinder (10) and an expandable piston assembly 
(12) made up of a postion having two spaced apart 
parallel end walls (24) which form an annular cham- 
ber (28), and two spaced apart side walls which 
project toward one another and terminate in two 
spaced apart parallel edges (34,36). These edges 
define a curved opening for the chamber which 
fronts upon the inside of the cylinder. A curved 
friction member (18,20) is located between these 
edges in this opening, and is pressed against the 
inside of the cylinder (10) by an underlying flexible 
actuator ring.(22) This ring has a width greater than 
the spacing between the side wall edges (34,36) and 
is located inside of the side walls so that the ring 
simultaneously self-seals against the side walls and 
bulges outwardly through the opening, thereby 
pressing the friction member (18,20) against the 
inside of the cylinder when the chamber is pressur- 
ized. The friction member (18,20) is contained in a 
fixed position with respect to the piston (16) between 
the side wall edges, the inside of the cylinder and 
the flexible actuator ring. (22) The frictional damping 
force obtained is controllable in relation to the direc- 
tion of movement of the piston assembly within the 
cylinder, either by control of the fluid pressure ap- 
plied to the chamber or by control of the surface 
area of the actuator ring exposed to a single fluid 
pressure, using fluid pressures less than 35 psi. 




FIG. 1 
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The damper comprises a cylinder and an ex- 
pandable piston assembly made up of a piston 
having two spaced apart parallel end walls which 
form an annular chamber, and two spaced apart 
side walls which project toward one another and 
terminate in two spaced apart parallel edges. 
These edges define a curved opening for the 
chamber which fronts upon the inside of the cyl- 
inder. A curved friction member is located between 
these edges in this opening, and is pressed against 
the inside of the cylinder by an underlying flexible 
actuator ring. This ring has a width greater than the 
spacing between the side wall edges and is located 
inside of the side walls so that the ring simulta- 
neously self-seals against the side walls and 
bulges outwardly through the opening, thereby 
pressing the friction member against the inside of 
the cylinder when the chamber is pressurized. The 
friction member is contained in a fixed position with 
respect to the piston between the side wall edges, 
the inside of the cylinder and the flexible actuator 
ring. The frictional damping force obtained is con- 
trollable in relation to the direction of movement of 
the piston assembly within the cylinder, either by 
control of the fluid pressure applied to the chamber 
or by control of the surface area of the actuator 
ring exposed to a single fluid pressure, using fluid 
pressures less than 35 psi. 

Background of the Invention 

This invention relates to friction dampers and, 
more particularly, to friction dampers in which the 
frictional damping force obtained is controllable. 

Most friction dampers of this type provide con- 
trol of the frictional damping force obtained by 
selective adjustment of the normal force applied to 
one or more friction members which rub against 
one of two or more relatively movable members. 
This adjustment typically is accomplished by 
selective wedging of the friction members against 
one of the movable members by a jack screw, 
spring or shim which, once set, applies a constant 
normal force to the friction members. 

In many applications, however, it is desirable to 
vary the frictional damping force obtained in rela- 
tion to a desired environmental parameter. Some 
automotive suspensions, for example, vary the fric- 
tional damping force obtained in relation to the load 
applied to a strut or to the pressure inside of a gas 
spring. Certain aircraft landing gear also do so, but 
in relation to the velocity of movement of an oleo 
strut. Some of these devices use fluid pressure to 
actuate the friction members. 

The fluid pressure actuated friction dampers 
most commonly used in such devices include in- 
flatable bladders or folded membranes to control 
the normal force applied to the friction member or 



members, and hence the frictional damping force 
obtained. These tend to be unsatisfactory. The 
bladder or membrane must be folded back upon 
itself and therefore requires complex sealing and 

5 positioning devices to maintain it in the proper 
alignment with the friction members. 

As the friction members wear away, moreover, 
this alignment tends to degrade as the bladder or 
membrane bulges more and more to take up the 

10 attendant slack. In extreme cases, the folds can 
become so misaligned that the fluid seal may be 
lost. Further, as the fluid pressure increases, so do 
the chances of a seal failure. This is especially true 
in those devices which are used with gas springs, 

75 since they typically must operate at pressures of 
100-125 pounds per square inch (psi). 

Summary of the Invention 

20 According to one aspect of the invention, there 

is provided a friction damper, comprising a cylinder 
and an expandable piston assembly movable in 
and out of the cylinder. The piston assembly in- 
cludes a shaft, a hollow piston supported by the 

25 shaft, a curved friction member carried by the 
piston, and fluid actuator means acting between the 
piston and the friction member for pressing the 
friction member against the inside of the cylinder in 
response to a fluid pressure inside of the piston. 

30 The piston includes two spaced apart parallel end 
walls forming a chamber facing the inside of the 
cylinder, and two spaced apart side walls respec- 
tively projecting from the end walls toward one 
another, and terminating in two spaced apart par- 

35 allel edges, the edges defining a curved opening 
for the chamber fronting upon the inside of the 
cylinder. The fluid actuator means includes a flexi- 
ble actuator ring having a width greater than the 
spacing between the edges, the actuator ring being 

40 located inside of the side walls such that the ac- 
tuator ring simultaneously self-seals against the 
side walls and bulges outwardly through the open- 
ing, thereby pressing the friction member against 
the inside of the cylinder, when the chamber is 

45 pressurized. The friction member has an outline 
registering with the opening, and is contained in a 
fixed position with respect to the piston between 
the edges, the inside of the cylinder, and the 
actuator ring. 

so This invention attempts to provide a fluid ac- 

tuated friction damper in which the fluid actuator 
need not be a bladder or folded membrane, and 
thus is of simple, low cost design and construction, 
and hence eliminates or minimizes the risk of a 

55 fluid seal failure. 
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This invention also attempts to provide a fluid 
actuated friction damper in which the fluid actuator 
is self-sealing in response to application of fluid 
pressure, without any supplemental sealing or posi- 
tioning means. 

This invention further attempts to provide a 
fluid actuated friction damper in which the fluid 
actuator and one or more friction members are 
carried and positioned by a simple housing or 
piston construction. 

This invention attempts to provide a fluid ac- 
tuated friction damper in which the fluid actuator is 
responsive to fluid pressures less than those com- 
monly used in gas springs. 

This invention attempts to provide a fluid ac- 
tuated friction damper in which the frictional damp- 
ing force obtained is controllable in relation to 
extension and contraction of the friction damper 
under rebound conditions or jounce conditions, or 
both. 

This invention attempts to provide a fluid ac- 
tuated friction damper in which the frictional damp- 
ing force obtained is controllable either by control- 
ling the fluid pressure applied to, or the area of, a 
fluid actuator in relation to extension and contrac- 
tion of the friction damper under rebound con- 
ditions, or jounce conditions, or both. 

Finally, this invention attempts to provide a 
fluid actuated friction damper in which the different 
pressures that occur at opposite ends of a closed- 
ended cylinder, or adjacent one face of a piston, 
while the piston moves in and out of the cylinder, 
are used as basis to sense the direction of move- 
ment of the piston for controlling the frictional 
damping force obtained. 

These desires are accomplished in accordance 
with the principles of this invention by providing a 
friction damper comprising a cylinder and an ex- 
pandable piston assembly which is movable in and 
out of the cylinder. The piston assembly includes a 
shaft having one end projecting out of one end of 
the cylinder, a hollow piston supported by the other 
end of the shaft, a curved friction member carried 
by the piston, and fluid actuator means acting 
between the piston and the friction member for 
pressing the friction member against the inside of 
the cylinder in response to fluid pressure inside the 
piston. This fluid pressure preferably, is, but need 
not be, applied through a bore formed in the shaft. 

The piston includes two spaced apart parallel 
end walls which form a chamber facing the inside 
of the cylinder, and two spaced apart side walls 
which respectively project from the end walls to- 
ward one another and terminate in two spaced 
apart parallel edges. These edges define a curved 
opening for the chamber which fronts upon the 
inside of the cylinder. The friction member has an 
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outline which registers with this opening, and is 
located in this opening between the side wall 
edges. 

The fluid actuator means includes a flexible 
5 actuator ring which has a width greater than the 
spacing between the side wall edges, and is lo- 
cated inside of the side walls so that it simulta- 
neously self-seals against the side walls and 
bulges outwardly through the chamber opening, 
w thereby pressing the friction member against the 
inside of the cylinder, when the chamber is pres- 
surized. The friction member is contained in a fixed 
position with respect to the piston between the side 
wall edges, the inside of the cylinder and this ring. 
75 One, two, three, four or more curved friction mem- 
bers may be used. 

According to further principles of this invention, 
the fluid actuator means are further operative to 
control the frictional damping force applied to the 
20 inside of the cylinder by the friction member in 
relation to the direction of movement of the piston 
inside of the cylinder. While preferably the frictional 
damping force obtained is greater during extension 
of the piston, or under rebound conditions, than the 
25 frictional damping force obtained during contraction 
of the piston, or under jounce conditions, the op- 
posite frictional damping force differential may be 
obtained. 

According to a first presently preferred em- 
30 bodiment of the present invention, such control is 
accomplished by applying two fluid pressures to 
the chamber, and hence to the inside of the ac- 
tuator ring, in alternate sequence. In those applica- 
tions in which the frictional damping force obtained 
35 under rebound conditions should be greater than 
that obtained under jounce conditions, the fluid 
pressures thus applied are correspondingly differ- 
entiated. 

According to a second presently preferred em- 

40 bodiment of this invention, such control is accom- 
plished by isolating the inside surface area of the 
actuator ring into two sections, and exposing only 
one or both sections to a single fluid pressure in 
alternate sequence. Under conditions where a low- 

45 er frictional damping force is required (e.g., under 
jounce conditions) only one section is exposed to 
the fluid pressure. Under other conditions in which 
a higher frictional damping force is required (e.g., 
under rebound conditions), however, both sections 

50 are exposed to the fluid pressure simultaneously. 

According to further principles of this invention, 
the cylinder is closed at each end so that the 
piston divides it into two pressure chambers, the 
volumes of which vary as the piston moves in and 

55 out of the cylinder under jounce and rebound con- 
ditions. By connecting these chambers, fluid will 
flow between them in opposite directions during 
such movement of the piston. This fluid flow re- 
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fleets, and thus may be used as a basis for sens- 
ing, the direction of movement of the piston for 
purposes of effectuating control of the friction al 
damping force obtained, as just described. 

According to still further principles of this in- 
vention, the fluid pressures used may be substan- 
tially less those commonly used in gas springs and 
may even be as low as pressures commonly used 
in passenger car tires (e.g., less than 35 psi). This 
is accomplished by minimizing the volume of the 
fluid chamber and providing an actuator ring which 
is responsive to very small changes in fluid pres- 
sure. Consequently, the risk of seal failure is miti- 
gated or eliminated. In addition, the fluid actuator 
thus obtained is sensitive to small pressure 
changes, and hence is suitable for use with digital 
control systems. 

These and other features, objects and advan- 
tages of the present invention will become appar- 
ent from the detailed description and claims to 
follow, taken in conjunction with the accompanying 
drawings in which like parts bear like reference 
numerals. 

Brief Description of the Drawings 

Fig. 1 is a longitudinal section of one presently 
preferred embodiment of the fluid actuated fric- 
tion damper of the present invention, depicting 
control of the frictional damping force obtained 
by variable fluid pressures; 
Fig. 2 is a schematic depicting an exemplary 
fluid circuit for the dual pressure source of the 
Fig. 1 friction damper; 

Fig. 3 is a longitudinal section of one presently 
preferred direction sensor for the Fig. 2 fluid 
circuit; 

Fig. 4 is a longitudinal section of another pres- 
ently preferred embodiment of the fluid actuated 
friction damper of the present invention, depict- 
ing control of the frictional damping force ob- 
tained by variable pressure areas; 
Fig. 5 is a schematic depicting an exemplary 
fluid circuit for the single pressure source of the 
Fig. 4 friction damper; 

Fig. 6 is a fragmentary longitudinal section, in 
enlarged scale, of a modified pressure area con- 
trol for the Fig. 4 friction damper; 
Fig. 7 is a fragmentary longitudinal section, in 
enlarged scale, of a diaphragm valve for the Fig. 
1 friction damper, depicting control of the fric- 
tional damping force obtained under rebound 
conditions. 



Detailed Description of the Drawings 

Referring to Figs. 1 and 2, one presently pre- 
ferred embodiment of the present invention com- 

5 prises a cylinder 10 and an expandable piston 
assembly (generally referenced by number 12) 
which is movable in and out of cylinder 10. Assem- 
bly 12 includes a hollow shaft 14 having one end 
projecting out of one end of cylinder 10, a hollow 

w piston (generally referenced by numeral 16) sup- 
ported by the other end of shaft 14, four curved 
friction members (only two of which are illustrated 
and are referenced by numerals 18 and 20, respec- 
tively) carried by piston 16, and an actuator ring 22 

75 acting between piston 16 and friction members 18 
and 20 for pressing friction members 18 and 20 
against the inside of cylinder 10 in response to 
fluid pressure applied through shaft 14, as will be 
described presently. 

20 All of the friction members, including those not 

illustrated, are identical. Each extends about one 
quarter of the internal circumference of cylinder 10. 
Together they extend end-to-end along and regis- 
ter with the inside of cylinder 10. For sake of 

25 brevity, the friction members not illustrated will not 
be described further, and the description to follow 
will refer only to members 18 and 20. 

Piston 16 includes two spaced apart end walls 
24 and 26 which form an annular chamber 28 

30 facing the inside of Cylinder 10. Piston 16 further 
includes two spaced apart annular side walls 30 
and 32 which respectively project from the outer 
edges of end walls 24 and 26 toward one another 
and terminate in two spaced apart parallel edges 

as 34 and 36. These edges define a curved opening 
for chamber 28 which fronts upon the inside of 
cylinder 10. Each of the friction members 18 and 
20 has an outline which registers with this opening, 
and is located in this opening between edges 34 

40 and 36. Friction members 1 8 and 20 are contained 
in a fixed position with respect to piston 12 be- 
tween edges 34 and 36, the inside of the cylinder 
10, and the actuator ring 22. 

Actuator ring 22 has a width greater than the 

45 space in between edges 34 and 36, and is located 
inside of or beneath the side walls 30 and 32. 
Consequently, actuator ring 22 simultaneously self- 
seals against side walls 30 and 32, and bulges 
outwardly through the opening between edges 34 

so and 36, thereby pressing friction members 18 and 
20 against the inside of the cylinder 10, when 
chamber 28 is pressurized, as will be described 
presently. 

A dual pressure source (generally referenced 
55 by number 38) provides a first fluid pressure and a 
second fluid pressure in alternate sequence. Pres- 
sure fluid is transmitted from source 38 to chamber 
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28 via a pressure fitting 40 and a bore 42, which 
extends along the entire length of shaft 14, and a 
tranverse passage 43 formed by piston 1 6. 

Still referring to Fig. 1, piston 16 further in- 
cludes two housing sections, an inner section 44 
which fits over and abuts against an enlarged diam- 
eter shoulder 46 formed by shaft 14, and an outer 
section 48 which is threaded onto the inner end of 
shaft 14. When tightened down onto threads 50. 
section 48 thus secures section 44 onto the inner 
end of shaft 14. Section 48 includes two diamet- 
rically spaced apart recesses 52 (one not shown) 
within which a suitable tightening tool (not shown) 
may be engaged to turn and so tighten section 48 
onto the inner end of shaft 1 4. 

The piston assembly 12 thus formed is guided 
and supported with respect to cylinder 10 at both 
ends. At its outer end, assembly 12 is supported 
and guided by a bearing 54 which, in the example, 
is made up of a suitable low friction material. 
Bearing 54 has a peripheral lip 56 which fits over 
and is pressed down upon the end of cylinder 10 
by a threaded retaining collar 58. Collar 58 screws 
onto the outer end of cylinder 10, as shown (Fig. 
1). When thus assembled, lip 56 positions bearing 
54 with respect to cylinder 10, and also seals the 
end of cylinder 10. 

At its inner end, assembly 12 is supported and 
guided by friction members 18 and 20 which al- 
ternately act as bearings and as sources of fric- 
tional damping force, in response to the application 
of fluid pressure to chamber 28, as will be de- 
scribed. To serve these purposes, therefore, friction 
members 18 and 20 preferably are made up of a 
suitable low friction material. 

The opposite end of cylinder 10 is closed by a 
closure member 60, which, in the example, is or 
may be of material comparable to that used to form 
bearing 54. Like bearing 54, member 60 has a 
peripheral lip 62 which fits over and seals the 
associated end cylinder 10. Member 60 is, how- 
ever, press fit into this end, although a retaining 
collar generally similar to collar 58 could be used 
for positive securement, If desired. 

In the example, two collars 64 and 66 respec- 
tively project outwardly from the outer end of shaft 
14 and member 60. These are suitable for mount- 
ing the friction damper between the sprung and 
unsprung masses of the vehicle or other structure 
involved. 

A rubber jounce stop 68 is mounted by the 
inside face of member 60 for engaging section 48 
and stopping contraction of assembly 12 under 
extreme jounce conditions. To this end, stop 68 is 
formed with an upstanding ring portion which fur- 
ther cushions and stops assembly 12 upon contact 
with it. Likewise, a rebound stop 70 is mounted by 
the inside face of bearing 54 for engaging section 



44 and stopping extension of assembly 12 under 
extreme rebound conditions. In the example, both 
the jounce and rebound stops 68 and 70 are made 
up of a suitable elastomer material. 

5 Referring again more specifically to the Fig. 1 

actuator ring 22, this part is composed of a suitable 
material which is both flexible and is impervious to 
the pressure fluid used to pressurize chamber 28. 
In the example, air is used as the pressure fluid 

10 and actuator ring 22 is composed of elastomer. 

The thickness of actuator ring 22 is selected in 
relation to the desired volume of chamber 28. In 
the example, actuator ring 22 has a thickness 
slightly less than the radial spacing between side 

75 walls 30 and 32 and the opposed surfaces of 
sections 44 and 48, thus leaving only a thin fluid 
space for chamber 28. It will be recognized that, by 
thus minimizing the volume of chamber 28, it is 
possible to obtain very rapid changes in the fluid 

20 pressure within chamber 28. This is particularly 
important in certain automotive or other active sus- 
pension applications in which it is desired to vary 
the fluid pressure, and hence the frictional damping 
force obtained, in response to rapidly changing 

25 dynamic conditions. 

The width of actuator ring 22 corresponds to 
the spacing between end walls 24 and 26, and 
hence is substantially greater than the spacing 
between edges 34 and 36. Consequently, the 

30 edges of actuator ring 22 which fit inside of side 
walls 30 and 32 are self-sealing in response to the 
application of fluid pressure within chamber 28. In 
addition, such fluid pressure also causes the mid- 
section of ring 22 to bulge outwardly through the 

35 opening formed between edges 34 and 36, against 
the inside of friction members 18 and 20, thus 
pressing them against the inside of cylinder 10, in 
response to application of fluid pressure within 
chamber 28. 

40 Unlike bladder or folded membrane construc- 

tions, actuator ring 22 reacts only outwardly to fluid 
pressure within chamber 28, and requires no spe- 
cial seal or positioning devices. Further, actuator 
ring 22 takes up slack caused by wear in the 

45 friction members 18 and 20 simply by bulging 
further. Consequently, actuator ring 22 overcomes 
or mitigates fears of seal failure which, until this 
invention, were associated with most fluid actuated 
friction dampers. 

so Referring now to Fig. 2, one presently pre- 

ferred embodiment of the dual pressure source 38 
(Fig. 1) is made up of an air compressor 72 and an 
air tank 74 for storing fluid pressure generated by 
compressor 72. Pressure fluid from tank 74 is 

55 supplied via a three way value 76 to fitting 40. A 
direction sensor 78 senses the direction of move- 
ment of assembly 12 with respect to cylinder 10 
and provides an input signal to a suitable controller 
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80. A pressure sensor 82 senses the pressure 
which appears at the outlet of valve 76, and pro- 
vides an input signal to controller 80 which reflects 
the fluid pressure within chamber 28. Sensor 78 
will be described later in more detail. Sensor 82 is 
or may be a suitable pressure sensor. Controller 80 
is or may be a suitable microprocessor. 

In the example illustrated in Figs. 1 and 2, fluid 
pressure within chamber 28 is controllable so that 
the frictional damping force obtained is greater 
during extension of assembly 12 under rebound 
conditions than it is during contraction of assembly 
12 under jounce conditions. This is achieved by 
providing a first, relatively higher, fluid pressure 
from air tank 74 via valve 76 so long as assembly 
12 is stationary or is being extended within cylinder 
10. 

When assembly 12 moves in a contractive 
direction, sensor 78 presents a signal indicative of 
contraction of assembly 12 to controller 80, which 
thereupon causes valve 76 to open, and thus ex- 
haust fluid pressure in chamber 28 until sensor 82 
determines that the fluid pressure in chamber 28 
has dropped to a second, relatively lower, level. 
This condition then is maintained until sensor 78 
determines that contractive movement of assembly 
12 has ceased. 

Sensor 78 then delivers an appropriate signal 
to controller 80, whereupon controller 80 causes 
valve 76 to return to its first position, so that the full 
fluid pressure can be restored in chamber 28. 
Controller 80 thus causes compressor 72 to in- 
crease air pressure within air tank 74 back to the 
first, relatively higher level, and hence restores the 
pressure in chamber 28 via valve 76 and shaft 14. 

Referring to Fig. 3, one presently preferred 
direction sensor 78 (Fig. 2) includes a vane 104 
which is pivotly supported within a housing 106. 
This housing includes two fluid ports 108 and 110, 
which are connected, respectively, to the opposite 
ends of the cylinder 10, as shown (Fig. 2). Vane 
104 projects into and swings in the direction of 
fluid flow between ports 108 and 110. Since the 
ends of cylinder 10 are closed, extension or con- 
traction of the assembly 12 forces pressure fluid 
from the end toward which assembly 12 is moving 
to the oppposite end. 

As pressure fluid thus flows through housing 
106, vane 104 swings in the direction of flow, 
opposite to the direction of movement of assembly 
12. As depicted in solid and broken lines, vane 104 
alternately makes contact with electrical contacts 
112 and 114, depending on the direction of fluid 
flow. The electrical contact thus made completes a 
circuit through a common 116, and thus provides 
an electrical signal to the controller 80 (Fig. 2), 
reflecting the direction of movement of assembly 



12. Appropriate magnetic or other proximity sen- 
sors could be substituted for the electrical contact 
points depicted in Fig. 3. 

It will be recognized that other direction sen- 

5 sors could be used in place of that illustrated in 
Fig. 3. For example, a diaphragm switch made up 
of a diaphragm which is displaceable in relation to 
the direction of pressure fluid flow could be used to 
operate controller 80 or an intermediate solenoid 

w valve. Likewise, a restricted orifice device which 
provides a pressure pulse to an air pilot valve 
during either rebound or jounce conditions, or both, 
could be provided. In this case, the direction sen- 
sor could provide a pressure pulse which directly 

75 triggers valve 76 (Fig. 2) upon the occurrence of 
the selected condition. 

Referring now to Figs. 4 - 6, a second pres- 
ently preferred embodiment of the present inven- 
tion, unlike the embodiment just described, pro- 

20 vides control of the frictional damping force ob- 
tained by controlling the surface area of the ac- 
tuator ring exposed to a single fluid pressure. Ex- 
cept for this difference, this embodiment is gen- 
erally similar to the Fig. 1 - 3 embodiment just 

25 described. For sake of brevity, therefore, parts il- 
lustrated in Figs. 4 - 6 corresponding to those 
illustrated in Figs. 1 - 3 will not be described 
separately, and are designated with the same refer- 
ence numerals, primed. 

30 Referring now in particular to Fig. 4, the bore 

inside shaft 14* is divided into two passages 42a 
and 42b, of equal cross-sectional areas. Unlike 
actuator ring 22 (Fig. 1), acuator ring 22 f has a 
transverse web 84 which is gripped and com- 
as pressed between a abutting faces of sections 44' 
and 48' when section 48* is threaded onto and 
secured to the inner end of shaft 14', as already 
described. Web 84 therefore divides chamber 28' 
into two spaces ~ an inner space 28a and and 

40 outer space 28b. Each of the friction members 
likewise is divided into two separate sections 18a 
and 18b, and 20a and 20b. As will be apparent 
from Fig. 4, these sections abut one another along 
a line which is aligned with web 84. Spaces 28a 

45 and 28b respectively communicate with passages 
42a and 42b via transverse passages 43a and 43b. 
A single pressure source 86 (Fig. 4) is respectively 
connected via pressure input fittings 88 and 90 to 
passages 42a and 42b. 

so The aggregate area of the actuator ring ex- 

posed to fluid pressure, and hence the frictional 
damping force obtained is, in the example, con- 
trolled so that the frictional damping force obtained 
under rebound conditions is greater than that ob- 

55 tained under jounce conditions. Under jounce con- 
ditions, only space 28a is pressurized, while under 
rebound conditions space 28a and space 28b are 
pressurized simultaneously. 
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Consequently, the aggregate surface area of 
sections 18a, 18b, 20a, and 20b exposed to fluid 
pressure may be varied correspondingly. When 
only sections 18a and 20a are exposed to fluid 
pressure within space 28a, essentially only sec- 
tions 18a and 20a are pressed against the inner 
surface of cylinder TO'. When spaces 28a and 28b 
are pressurized simultaneously, however, sections 
18a, 18b and 20a and 20b are pressed against the 
inside of cylinder 10' simultaneously, and so the 
frictional damping force obtained is increased cor- 
respondingly. 

The ratio of the frictional damping forces thus 
obtained under rebound and jounce conditions is, 
of course, related to the ratio of the aggregate area 
of sections 18a and 20a to the aggregate area of 
sections 18a, 18b, 20a and 20b. In the illustrated 
example this ratio is about 2:1. It will be recog- 
nized, however, that this ratio may be varied by 
increasing or decreasing the aggregate surface 
area of the friction member sections which remain 
active when only one space is pressurized. 

Referring now to Fig. 5, one presently pre- 
ferred embodiment of the single pressure source 
86 (Fig. 4) is made up of an air compressor 72' 
and an air tank 74* for storing and maintaining a 
constant fluid pressure. Unlike the Fig. 2 circuit, 
however, air tank 74' supplies fluid pressure to two 
three-way valves 92 and 94 which, in turn, are 
connected via fittings 88 and 90 and passages 42a 
and 42b to chambers 28a and 28b, respectively. 
Two pressure sensors 96 and 98 respectively 
sense the pressures which appear at the outlets of 
valves 92 and 94, and provide input signals to 
controller 80' indicative of the fluid pressures in 
spaces 28a and 28b. 

Like the Fig. 2 fluid control circuit, the Fig. 5 
fluid circuit supplies fluid pressure so that the fric- 
tional damping force obtained normally corre- 
sponds to that desired for rebound conditions. That 
is to say, controller 80* normally causes valves 92 
and 94 to supply fluid pressure from tank 74' to 
passages 42a and 42b simultaneously, thereby 
pressurizing spaces 28a and 28b simultaneously. 
This, of course, causes all of the friction members 
to be pressed against the inside surface of cylinder 
10\ 

Under jounce conditions, however, sensor 78' 
detects contractive movement of assembly 12', and 
delivers an appropriate signal to controller 80*. In 
the example, controller 80' thereupon causes valve 
94 to exhaust the fluid pressure within passage 
42a, and hence within space 28b, whereupon the 
frictional damping force obtained is decreased as 
already described. When this condition no longer 
persists, as sensed by sensor 78', the frictional 
damping force is returned to the normal level. 



Another construction for pressurizing spaces 
28a and 28b in the manner just described is illus- 
trated in Fig. 6. The Fig. 6 construction is generally 
similar to parts of the Fig. 4 actuator. For sake of 

5 brevity, therefore, parts of the Fig. 6 construction 
corresponding to those illustrated in Fig. 4 are not 
described separately, and are designated with the 
same reference numerals. 

The Fig. 6 fluid actuator includes an expand- 

w able collar 120 which is connected to one of the 
two pressure input fittings 88 or 90 (Fig. 3) via an 
internal tube 122 which runs the length of bore 42\ 
Both passage 43a and 43b communicate with bore 
42'; however, bore 42' is blocked by collar 120 

rs upstream of passage 43b when collar 100 is ex- 
panded to the position illustrated. This is accom- 
plished by supplying fluid pressure via tube 122 
under conditions when it is desired to pressurize 
only chamber 28a. To pressurize both spaces 28a 

20 and 28b simultaneously, collar 120 is deflated by 
exhausting fluid pressure via line 122. This, of 
course, allows pressure fluid to pass collar 120 and 
create fluid pressure in space 28b. 

Referring to Fig. 7, the fluid pressure adjacent 

25 the piston may be used to control the Fig. 1 friction 
damper so that it operates in only one direction. 
One application of this adaptation is a fluid ac- 
tuated rebound damper in an automotive suspen- 
sion strut. The Fig. 7 construction is generally 

30 similar to parts of the Fig. 1 actuator. For sake of 
brevity, therefore, parts of the Fig. 7 construction 
corresponding to those illustrated in Fig. 1 are not 
described separately, and are designated with the 
same reference numerals, primed. 

35 The Fig. 7 damper includes a diaphragm valve 

assembly (generally referenced by numeral 120) 
which is mounted by housing sections 44' and 48\ 
Assembly 120 includes a diaphragm 122 which 
faces the opposed end of cylinder 10', and is 

40 displaceable along a line which coincides with the 
direction of reciprocative movement of assembly 
12\ A valve member 124 is movable conjointly with 
diaphragm 122. A spring 126 normally urges valve 
124 to the position illustrated. At this position, valve 

45 124 closes an orifice 128 through which fluid pres- 
sure is supplied from single pressure source 86'. 
An O-ring 129 is pressed against and seals Orifice 
128 when valve 124 is in its closed position, as 
shown (Fig. 7). The upstream side of the dia- 

50 phragm 122 is vented to atmosphere via a relief 
port 130. In the example, this relief port is con- 
nected, via a flexible tube 131, to atmosphere at a 
suitable location adjacent the opposed end of cyl- 
inder 10\ 

55 A relief passage 132 bleeds fluid pressure from 

chamber 28', past the stem portion of valve 124 
and around the edge of diaphragm 122 to a loca- 
tion downstream of diaphragm 122, but only when 
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valve 124 is open. When closed, valve 124 presses 
an O-ring 133 against section 48* and blocks pas- 
sage 132 so no pressure fluid can escape from 
chamber 28\ An O-ring 135 provides a seal about 
the stem portion of valve 124 downstream of pas- 
sage 132. 

During extension of assembly 12 f under re- 
bound conditions, the resultant drop in pressure 
downstream of diaphragm 122 (or below it as illus- 
trated) causes diaphragm 122 to be displaced to 
the position depicted in broken lines. Valve 124 
then opens orifice 128 to admit fluid pressure to 
chamber 28'. As will now be appreciated, this 
causes friction members 18' and 20' to be pressed 
against the inside of cylinder 10'. 

During contraction of assembly 12' under 
jounce conditions, however, diaphragm 122 re- 
mains in the position depicted in solid lines, and 
spring 126 pulls valve 126 against and thus closes 
orifice 128. Since fluid pressure now is exhausted 
from chamber 28* via passage 132 and is not 
rereplaced by fresh pressure fluid, there is insuffi- 
cient fluid pressure inside of chamber 28* to de- 
form actuator ring 22' under these conditions. Con- 
sequently, friction members 18' and 20* are inac- 
tive, unlike the Fig. 1 actuator a bearing 136 com- 
posed of a suitable low friction material is carried 
by section 48' guides movement of assembly 12' 
within cylinder 10. 

While three presently preferred embodiments 
of this invention have been illustrated and de- 
scribed herein, variations will become apparent to 
one of ordinary skill in the art. For example, the 
fluid pressure adjacent piston 16' could be trans- 
mitted to and sensed at a location outside of cyl- 
inder 10\ rather than at diaphragm 122, so long as 
fluid pressure in chamber 28* is controlled in the 
manner described. Accordingly, the invention is not 
to be limited to the specific embodiment illustrated 
and described herein, and the true scope and spirit 
of the invention are to be determined by reference 
to the appended claims. 

Claims 

1. A friction damper, comprising: 

a cylinder and an expandable piston as- 
sembly movable in and out of said cylinder; 

said piston assembly including a shaft, a 
hollow piston supported by said shaft, a curved 
friction member carried by said piston, and 
fluid actuator means acting between said pis- 
ton and said friction member for pressing said 
friction member against the inside of said cyl- 
inder in response to a fluid pressure inside of 
said piston; 



said piston including two spaced apart par- 
allel end walls forming a chamber facing the 
inside of said cylinder, and two spaced apart 
5 side walls respectively projecting from said 

end walls toward one another, and terminating 
in two spaced apart parallel edges, said edges 
defining a curved opening for said chamber 
fronting upon the inside of said cylinder; 

10 

said fluid actuator means including a flexi- 
ble actuator ring having a width greater than 
the spacing between said edges, said actuator 
ring being located inside of said side walls 

75 such that said actuator ring simultaneously 

self-seals against said side walls and bulges 
outwardly through said opening, thereby press- 
ing said friction member against the inside of 
said cylinder, when said chamber is pressur- 

20 ized; 

said friction member having an outline reg- 
istering with said opening, and being contained 
in a fixed position with respect to said piston 
25 between said edges, the inside of said cyl- 

inder, and said actuator ring. 

2. The damper of claim 1, wherein said fluid 
actuator means are further operative to control 

30 the fluid pressure within said chamber in rela- 

tion to the direction of movement of said piston 
assembly with respect to said cylinder. 

3. The damper of claim 2, wherein said fluid 
35 actuator means include a source of two dif- 
ferent fluid pressures, and means for pressur- 
ing said chamber (1) with one of said fluid 
pressures during movement of said assembly 
in one direction and (2) with the other of said 

40 fluid pressures during movement of said as- 

sembly in the opposite direction. 

4. The damper of claim 2, wherein said friction 
member is made up of two independently 

45 movable sections and said chamber is divided 

into two separately pressurizable spaces, and 
wherein said fluid actuator means include 
means for pressurizing (1) only one of said 
spaces with a single fluid pressure during 

so movement of said assembly in one direction 

and (2) both of said spaces is simultaneously 
with said single fluid pressure during move- 
ment of said assembly in the opposite direc- 
tion. 

55 

5. A friction damper, comprising: 

two telescopically movable load bearing 
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members and frictional damping means sup- 
ported by one of said load bearing members 
for applying a frictional damping force to the 
other of said load bearing members; 

5 

said damping means including a housing, 
a curved friction member carried by said hous- 
ing, and fluid actuator means acting between 
said housing and said friction member for 
pressing said friction member against said oth- 10 
er load bearing member in response to a fluid 
pressure inside of said housing; 

said housing including two spaced apart 
end walls forming a chamber facing said other 75 
load bearing member, and two spaced apart 
side walls respectively projecting from said 
end walls toward one another, and terminating 
in two spaced apart parallel edges, said edges 
defining a curved opening for said chamber 20 
fronting upon said other load bearing member; 

said fluid actuator means including a flexi- 
ble actuator ring having a width greater than 
the spacing between said edges, said actuator 25 
ring being located inside of said side walls 
such that said actuator ring simultaneously 
self-seals against said side walls and bulges 
outwardly through said opening, thereby press- 
ing said friction member against said other 30 
load bearing member when said chamber is 
pressurized; 

said friction member having an outline reg- 
istering with said opening, and being contained 35 
in a fixed position with respect to said one load 
bearing member between said edges, said oth- 
er load bearing member, and said actuator 
ring; 

40 

6. The damper of claim 5, wherein said fluid 
actuator means include pressure fluid sensor 
means for causing said chamber to be pres- 
surized solely during movement of said load 
bearing members in a predetermined direction 45 
of movement in response to a change in fluid 
pressure adjacent said housing. 

7. The damper of claim 6, wherein said other 

load bearing member is a closed-ended cyl- 50 
inder, and said sensor means include a dis- 
placeable diaphragm exposed to fluid pressure 
within one end of said cylinder such that said 
diaphragm moves to a predetermined position 
only when said one load bearing member and 55 
said cylinder move in a predetermined direc- 
tion with respect to one another, and a valve 
actuated by displacement of said diaphragm 
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for admitting fluid pressure into said chamber 
only when said diaphragm assumes said pre- 
determined position. 
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